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(S) Portable programmer for hearing aids. 

(57) A programmer for programming hearing aids 
which have a controller for setting the audio 
response parameters of the hearing aid, and 
which can be fitted in a patient's ear. The 
programmer comprises data entry means, a 
display unit, a microcontroller and a communi- 
cation interface. The hearing aids are coupled 
to the programmer either using a cable or 
through an infrared link using a lapel unit which 
has a short y-cable to the hearing aids. The fitter 
uses the data entry means, i.e. a keypad, to 
program the parameters, which are then shown 
on the display unit. The display unit is divided 
into right and left ear display fields. Each dis- 
play field includes a number of bar charts for 
displaying the values of the parameters. The 
display also includes an icon to indicate the 
type of hearing aid fitting, i.e. binaural or 
monaural, and an icon to indicate the hearing 
aid cunrently being programmed, i.e. right or 
left. The programmer also allows two sets of 
parameters to be stored for each ear, and then 
compared monaurally or binaurally. In the pre- 
ferred embodiment, both the programmer and 
the lapel unit are battery powered and portable. 
The programmer is designed to be hand-held 
and operated with one hand, while the lapel unit 
can be hung around the patient's neck. 
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FIELD OF THE INVENTION 

This invention relates to a hearing aid program- 
mer. More particularly, the Invention concerns a 
hand-held and portable hearing aid programmer. 

BACKGROUND OF THE INVENTION 

Advances in signal processing electronics and 
the miniaturization of integrated circuits have led to a 
very powerful class of hearing aids. Today's hearing 
aid represents a complex electro-acoustical device 
capable of providing a nnost natural audio impression 
for the hearing-impaired patient. To achieve this natu- 
ral audio impression, however, it is necessary to make 
numerous adjustments to the parameters which con- 
trol the audio response of the hearing aid. The para- 
meters must be adjusted to compensate the patienf s 
particular hearing deficiencies. ^- — . 

Typically, the hearing aid fitting professional, or 
fitter, follows a two-step procedure to fit a patient with 
a hearing aid. In the first step, the fitter sete the hear- 
ing aid parameters to a target setting and then fits the 
aid in the patient's ear. The second step involves the 
patient evaluating the performance of the hearing aid 
and the fitter "tweaking" the parameters. Since some 
aspects of the hearing aid response are inherently 
subjective on the patient's part, the fitter often repro- 
grams the hearing aid several times before the opti- 
mum parameter settings are achieved. Each setting 
change requires removing the hearing aid, program- 
ming the parameter setting, and then refitting the 
hearing aid for the patienfs evaluation. In addition, 
the patient's hearing characteristics may change over 
time, which again would require removing the hearing 
aid, reprog ramming the settings, and then refitting 
the hearing aid. Clearly, it is desirable to program the 
hearing aid without removing it from the patient's ear. 

U.S. Patent No. 4,575,586, which issued to Chris- 
tian Topholm, discloses an apparatus for adjusting a 
hearing aid that is fitted in the patient's ear. The ap- 
paratus comprises an adaptor that is coupled to the 
hearing aid. The adapter, in turn, connects to a control 
desk through a bowden cable. The coupling between 
the adaptor and the hearing aid Is mechanical. Levers 
on the control desk cause corresponding actuators in 
the adaptor to move via the bowden cable. The move- 
ment of actuators moves the sliding switches typically 
found on the older style hearing aids. 

The Topholm invention has major drawbacks. 
First, the invention relies on a mechanical coupling 
and movement to adjust the miniature switches on the 
hearing aid. As can be appreciated, a mechanical ad- 
justment movement is not as precise as an electron- 
ically programmed setting. Moreover, the number of 
parameter settings is linnlted by the physical size of 
the adaptor and the hearing aid. Secondly, the desk 
control unit does not easily lend itself to portable op- 



eration due to the size of the adjustment levers and 
the diameter of the bowden cable. Thirdly, the fitter 
does not receive immediate feedback on the settings 
beyond the response of the patient. Lastly and most 
5 importantly, the Topholm invention does not allow dif- 
ferent sets of parameter settings to be easily program- 
^ ^ med and evaluated by both the patient and the fitter 
while the hearing aid is fitted in the patient's ear. 
Accordingly, it is an object of the present Inven- 
10 tion to provide a portable or handheld hearing aid pro- 
grammer. The programmer utilizes an electronic in- 
terface to the hearing aid thereby providing a full 
. hearing aid parameter programming capability. 

Another object of the present invention is to pro- 
fs vide the programmer with a display unit. The display 
unit gives the fitter immediate feedback on the para- 
meter settings and other functions associated with 
programmable hearing aids. 

A further object of the present invention is to pro- 
20 vide a comparison programming function to allow the 
fitter to switch or toggle between different sets of 
parameter settings, white the hearing aid remains fit- 
ted in the patient's ear. 

The foregoing and other objects of the present In- 
25 vention will be apparent in the following pages. 

SUMMARY OF THE INVENTION 

In a first aspect the present invention provides a 
30 programmer for programming one or more hearing 
aids, each of said hearing aids including a program- 
mable controller for setting the audio signal parame- 
ters of the hearing aid, and said hearing aids being ca- 
pable of fitting in or on a patient's right ear or left ear, 
35 said programmer comprising: (a) data entry means for 
programming the audio signal parameters; (b) display 
means for displaying the values of the audio signal 
parameters; and (c) controller means, coupled to said 
data entry means and to said display means, for con- 
40 trolling said display means, said controller means in- 
cluding communication means for communicating 
with the programmable controller in each of said hear- 
ing aids. 

In another aspect, the present invention provides 
45 a programmer for programming one or more hearing 
aids, each of said hearing aids including a program- 
mable controller for setting the audio signal parame- 
ters of the hearing aid, and said hearing aids being ca- 
pable of fitting In or on a patient's right ear and left ear, 
50 and said programmer including a display unit, data en- 
try means, for programming the audio signal parame- 
ters, display means for displaying the values of the 
audio signal parameters, and controller means cou- 
pled to said data entry means and to said display 
55 means, for controlling said display means, said con- 
troller means including communication means for 
communicating with the programmable controller in 
each of said hearing aids, said display means com- 



2 



3 



EP 0 537 026 A2 



4 



prising: (a) a plurality of display fields; (b) said display 
fields including a right ear display field for displaying 
the values of the audio signal parameters associated 
with the hearing aid fitted in the patient's right ear; 
and (c) said display fields also including a left ear dis- 
play field for displaying the values of the audio signal 
parameters associated with the hearing aid fitted in 
the patient's left ear. 

IN THE DRAWINGS 

Figure. 1 ts a pictorial representation of a typical 
arrangement for fitting a hearing aid using appa- 
ratus according to the present invention; 
Figure 2 is a pictorial representation of the pro- 
grammer according to the present invention; 
Figure 3 is another pictorial representation of the 
programiper in Figure 2, shown from a different 
angle; 

Figure 4 is a pictorial representation of the lapel 
unit of the apparatus according to the present in- 
vention; 

Figure 5, which is beside Figure 1 Js a pictorial 
representation of the programmer interfacing to 
the lapel unit via an infrared link; 
Figure 6 is a diagrammatic representation of the 
display incorporated in the device; 
Figure 7 is a diagrammatic representation of the 
keypad incorporated in the device; 
Figure 8 is a schematic block diagram of the hard- 
ware for the programmer; 
Figure 9 is a schematic block diagram of the hard- 
ware for the lapel unit; 

Figure 10 is a block diagram of the firmware or- 
ganization for the programmer showing the top 
control level of the code; 
Figure 11(a) is a flow-chart of the timer interrupt 
handler in the firmware for the programmer; 
Figure 11(b) is a flow-chart of the keypad inter- 
rupt handler in the firmware for the programmer; 
Figure 12(a) - (g) are block diagrams of the firm- 
ware sub-modules for servicing the keys associ- 
ated with the keypad; 

Figure 13 is a block diagram of the firmware or- 
ganization for the lapel unit showing the top level 
control flow in the firmware; and 
Figures 1 4(a) - (b) are block diagrams of the firm- 
ware sub-modules incorporated into the top level 
control firmware of Figure 13. 

DETAILED DESCRIPTION 

Figure 1 shows a typical arrangement for fitting 
a hearing aid using apparatus 1 according to the pres- 
ent invention. The purpose of the apparatus 1 is to set 
the audio signal parameters which control the re- 
sponse of the hearing aid and compensate for the 
hearing deficiencies of the patient in a portable set- 



ting. 

Typically, a patient will befitted with one hearing 
aid, but may require two hearing aids, one for each 
ear. As shown in figure 1, the apparatus comprises a 

5 portable programmer 2, an extension cable 4 and a y- 
cable 5. The extension cable 4 connects to the pro- 
grammer 2 and using the y-cable 5 couples one or two 
hearing aids, indicated by 6,8, to the unit 2. The 
cables 4,5 provides the electronic link between the 

10 programmer 2 and the hearing aids 6,8 fitted in the 
patient. In another embodiment of the present inven- 
tion, the programmer 2 can also be coupled to a lapel 
unit 20, with an infrared link replacing the extension 
cable 4, as shown in Figure 5. The Y-cable 5 connects 

15 the hearing aids 6,8 to the lapel unit 20. 

The principle function of the programmer 2 is to 
set the adjustment parameters of the hearing aid 6 or 
8 according to the requirements of the patient. As de- 
picted in Figure 2, the programmer 2 is of a size that " 

20 can be hand-held and battery powered. The program- 
mer 2 comprises a housing or enclosure 10, a display 
unit 12, a keypad 14, and a communication interface 
16. 

The housing 10 can be manufactured as two 
25 pieces, a top half and a bottom half, using known in- 
jection-moulding techniques. As shown in Figure 2, 
the top half is indicated by 10a and the bottom half is 
indicated by 10b. The top half 10a "houses" the dis- 
play 12, the keypad 14, the comnnunication interface 
30 16, an electronic circuit board (not shown) and a bat- 
tery compartment (not shown). The bottom half 10b 
meshes with the top half 10a and provides an enclo- 
sure for the electronic circuit board (not shown), and 
the components associated with the display 12, the 
35 keypad 14 and the communication interface 16, 
which protects them from hostile environmental con- 
ditions and mechanical damage. 

In the preferred embodiment, the programmer 2 
measures 63 mm by 185 mm, and is 19 mm thick. The 
40 programmer 2 weighs 195 grams with batteries instal- 
led. Without batteries, the programmer 2 weighs in at 
173 grams. With these dimensions, the programmer 
2 can be handheld and portable. 

Referring still to Figure 2, the keypad 14 compris- 
es es 9 keys in the present embodiment of the invention. 
The placement of the keypad 14 in the top half 10a 
of the housing 10 allows one handed operation of the 
keypad 14, and also allows the programmer 2 to be 
operated with either the right or the left hand. Fur- 
so thermore, the ergonomic placement of the keypad 14 
ensures that all keysofthe keypad 14can be reached 
and operated with the thumb of the hand holding the 
programmer 2. As will be discussed below, the key- 
pad 14 is used to program the parameters associated 
55 with the hearing aid(s) 6 or 8. 

The display unit 12 is located directly above the 
keypad 14 in the top half 10a of the housing 10. By 
mounting the display 12 above the keypad 14, the 
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display 12 is not obstructed by the fitter's hand orfin- 
gers. The display 12 shows each parameter setting 
for the hearing aid(s) 6,8. To achieve this, the display 
1 2 includes various fields and icons which will be dis- 
cussed In detail below. The communication interface 
16 resides in the top edge of the housing as shown 
in Figure 3. As will be discussed in detail below, the 
communication interface 16 includes both a hardwire 
link to the hearing aid(s) 6,8 and an infrared link to the 
lapel unit 20. The hardwire link comprises a jack 17 
into which the Y-cable 5 from the hearing aid(s) 6,8 
plugs. The infrared link comprises an infrared trans- 
mitter, indicated by 1 8. 

As shown in Figure 4, the lapel unit 20 has its own 
housing 20a. Like the housing 10 for the programmer 
2, the housing 20a can be two piece construction us- 
ing plastic injection moulding techniques. The lapel 
unit 20 includes a Jack 22 for accepting the cable 5 
which is plugged into the hearing aids 6,8. The lapel 
unit 20 also includes an infrared receiver, indicated by 
24, which accepts the infrared data transmitted by the 
programmer 2. As mentioned, the lapel unit 20 is bat- 
tery powered and provides the infrared link to the 
hearing aids 6,8 from the programmer 2. In the pre- 
ferred embodiment of the invention, the lapel unit 20 
also includes green and red LED indicators 26,28. As 
wiil be discussed, the green LED 26 provides a visual 
indication of infrared data reception, while the red 
LED 28 indicates low battery status. 

In the preferred embodiment, the lapel unit 20 
measures 65 mm by 70 mm, and is 22 mm thick. The 
lapel unit 2 weighs 70 grams with batteries installed. 
Without batteries, the lapel unit 20 weighs In at 48 
grams. It will be appreciated that a lapel unit 20 with 
these dimensions and weight can be hung around the 
patient's neck without undue discomfort to the pa- 
tient. 

As shown in Figure 1 , the Y-cable 5 plugs into the 
hearing aid(s) 6,8 which are mounted in the patient's 
ear(s). The Y-cable 5 is bifurcated having a first end 
30 for the right ear hearing aid 6 and a second end 32 
for the left ear hearing aid 8. In the preferred embodi- 
ment, the first end 30 is colour-coded red for the right 
ear and the second end 32 is colour-coded blue for 
the left ear. With the Y-cable 5 connected to the hear- 
ing aid(s) 6,8, the set-up is complete and thef itter can 
program the hearing aid(s) 6,8 using the programmer 
2. The data associated with the hearing aid 6 or 8 au- 
dio signal parameters is programmed by the fitter and 
transmitted to the hearing aid(s) 6,8 via the y-cable 5, 
using the extension cable 4 or using the lapel unit 20 
and the infrared transmitter 18. Having presented an 
overview of the apparatus 1 according to the present 
invention, the following paragraphs wiil discuss the 
details of the features and components incorporated 
in the apparatus 1. 

The display 12 is shown in Figure 6. The primary 
purpose of the display 12 is to provide a visual indi- 



cation of the level to which each audio response para- 
meter in the hearing a id (s) 6,8 is set. As is known, a 
hearing aid 6,8 is fitted to the patient by adjusting the 
audio response parameters associated with the hear- 

5 ing aid 6 or 8. Typical audio response parameters are 
maximum power output, gain and frequency re- 
sponse. The display 12, according to the present in- 
vention, has provision for showing the settings of 
eight audio response parameters. The parameters 

10 are power output (P) 34, gain (G) 36, low tone (L) 38, 
high tone (H) 40, compression threshold (C) 42, re- 
lease time (R) 44, and (X) and (Y) parameters 46,48. 

As will be appreciated by one skilled in the art, 
the display 12 works with the keypad 14 under the 

15 control of a microcomputer which runs a program 
stored in firmware. The details of the microcontroller 
and firmware follow a discussion of the operation of 
the display 12 and the keypad 14 from a feature level, 
i.e. functions provided by,the display 12 and the key- 

20 pad 14. 

The display 12 operates together with the key- 
pad 14 to provide the fitter with the functions neces- 
sary to program the settings for audio response para- 
meters 34 to 48 for either one or two hearing aids 6,8 

25 mounted in the ears of the patient. In the art, a two 
hearing aid 6,8 fitting is known as a binaural fitting, 
whereas a single hearing aid 6 or 8 fitting is termed 
a monaural fitting. To provide the programming func- 
tions, the keypad 14 includes nine keys, as shown in 

30 Figure 7. The keys are an EAR key 50, a parameter 
SELECT RIGHT key 52, a parameter SELECT LEFT 
key 54, a parameter SETTING INCREASE key 56, a 
parameter SETTING DECREASE key 58. a SAVE key 
60, a READ key 62, an A/B COMPARISON key 64, 

35 and a CLEAR key 66. 

Before the details are discussed of the features 
incorporated Into the display 12 and the keypad 14, 
a brief overview of the programming steps followed 
by the professional fitter may be helpful. Consider 

40 first a typical binaural fitting. In a binaural fitting, the 
patient has both a right ear hearing aid 6 and a left 
ear hearing aid 8. The fitter first initializes the proce- 
dure by reading the parameters previously stored in 
the hearing aid(s). He then selects the hearing aid 6 

45 or 8 to be programmed by pressing (toggling) the EAR 
key 50. The fitter then selects the parameter setting, 
i.e. gain (G), to be programmed by using the parame- 
ter SELECT keys 52,54. The value of parameter set- 
ting is then adjusted using the parameter SETTING 

50 keys 56,58. These two steps are then repeated until 
all the parameter settings have been adjusted to the 
values required by the patient The fitter then uses 
the SAVE key 60 to transmit or download the parame- 
ter settings into non- volatile memory (not shown) in 

55 the selected hearing aid 6 or 8. The procedure is then 
repeated for the other hearing aid 6 or 8 in the binau- 
ral fitting. The READ key 62 can be used with the 
EAR key 50 to verify the parameter settings down- 



4 



7 



EP0 537 026 A2 



8 



loaded to the hearing aid(s) 6,8. The A/B COMPARI- 
SON key 64 provides an advanced programming 
function which allows two sets of parameters for each 
ear to be compared (in both a monaural and a binaural 
fitting), as will be discussed below in detail. 5 

Referring to Figure 6, the display 12 is designed 
to provide the hearing aid professional with all the 
necessary information to program and verify the set- 
tings for the audio response parameters of the hear- 
ing aid(s) 6,8 mounted on or in the patienf s ear(s). io 
The display 12 also includes some features inthe pre- 
ferred embodiment which enhance the operation of 
the programmer 2. As mentioned, the fitter can set 
the parameters of a hearing aid 6 or 8 in both mon- 
aural and binaural fittings. To indicate the hearing aid 15 
configuration being programmed, the display 12 
shows a hearing aid fitting icon 68. The fitting icon 68 
in the shape pf a-patient's head viewed face on is 
positioned prominently in the top and centre of the 
display 12 as shown in Figure 6. 20 

In another embodiment, the icon 68 has the 
shape of the patient's head and includes right ear and 
left ear segments 70,72. The appropriate segment 
70,72 is displayed by the firmware to indicate the 
presence of a hearing aid in the patient's ear. For ex- 25 
ample, in a monaural fitting the appropriate ear seg- 
ment is turned on, whereas for a binaural fitting both 
segments 70,72 are displayed as shown in Figure 6. 
To indicate which hearing aid Is being programmed, 
the appropriate segment can be backlit. For example, 30 
in Figure 6, the right ear hearing aid 6 is currently ac- 
tive for programming as indicated by segment 70. 

In the present embodiment of the invention, the 
display 12 is partitioned into two principle portions, a 
right side portion 74 and a left side portion 76. Ac- 35 
cording to accepted practice in the art, the right ear 
hearing aid parameters are shown on the left portion 
76 of the display 12 and the left ear hearing parame- 
ters are shown on the right portion 74. 

Adjacent to the fitting icon 68, there are respec- 40 
tive right hearing aid selected and left hearing aid se- 
lected fields 78,80. The fields 78,80 indicate whether 
the right or left hearing aid 6 or 8 is selected, i.e. under 
control of the programmer 2. In a binaural fitting, the 
selected fields indicate which hearing aid 6,8 is cur- 45 
rently active, i.e. being programmed. As shown in Fig- 
ure 6, the right ear hearing selected field is turned on 
using a backlit field, and therefore the hearing aid 6 
inthe patient's right ear is under the control of the pro- 
grammer 2. 50 

The particular hearing aid 6 or 8, i.e. right or left, 
is selected by using the EAR key 50 on the keypad 
1 4. If the right hearing aid 6 is currently underthe con- 
trol of the programmer 2, i.e. the right hearing aid se- 
lected field 78 is ON, and pressing the EAR key 50 55 
turns on the left hearing aid selected field 80 while 
turning off the right hearing aid selected field 78. In 
effect, the EAR key 50 provides a toggle function be- 



tween the right and left hearing aids 6,8. A third de- 
pression of the EAR key 50 selects the binaural con- 
dition by backlighting both fields 78 and 80. This 
mode is used only in the COMPARE A/B mode for a 
binaural fitting. Under the control of the firmware, 
each time the EAR key 50 is activated the current set- 
tings of the parameters for that hearing aid are also 
displayed as will be discussed. It should be appreci- 
ated that the toggle function of the EAR key 50 is only 
present in a binaural fitting. The presence of two hear- 
ing aids, i.e. a binaural fitting, is determined through 
the firmware. If, for example, the patient is only fitted 
with right ear hearing aid 6, then the left hearing aid 
selected field 80 is not displayed. 

When an ear or hearing aid 6,8 has been selected 
it comes under the control of the programmer 2. The 
fitter can then use the keypad 14 to adjust the various 
audio response paranieters associated with the hear- 
ing aid 6 or 8. Once the parameters have been set, 
the professional uses the SAVE key 60 to load para- 
meters into no n- volatile memory in the selected hear- 
ing aid 6 or 8. 

The SAVE key 60 works in conjunction with a pair 
of right and left ear save indicators 82,84. The save 
indicators 82,84 are located directly below the re- 
spective hearing aid selected fields 78,80 in the dis- 
play 12. When the right ear hearing aid 6 is active, as 
shown in Figure 6, pressing the SAVE key 60 causes 
the save indicator 82 to flash for 5 seconds but a 
SAVE code (not shown) is not sent to the right ear 
hearing aid 6 mounted on or in the patient's ear unless 
the SAVE key (or any other key) is pressed during the 
5 second interval. 

In the present embodiment of the invention, the 
microcomputer in the programmer 2 and the micro- 
computer in the lapel unit 20 are programmed to in- 
terface with the GP521 Controller/Memory Chip, i.e. 
hearing aid controller, for Hearing Instruments, man- 
ufactured by Gennum Corporation of Burlington, On- 
tario, Canada- The GP521 is a general purpose con- 
troller/memory for use with audio signal path circuits 
in programmable hearing aids. It includes 8 program- 
mable audio control outputs, an EEPROM non-vola- 
tile memory, a RAM temporary storage unit, a status 
register, and a bi-directional serial communication in- 
terface. The GP521 incorporates a flexible communi- 
cation protocol which includes data transmission er- 
ror detection. A feature of the communication protocol 
exploited in the present invention is the data packet 
echo. When the GP521 receives a data packet, the 
received packet is echoed back to the transmitting 
unit, thereby allowing data verification. It will be ap- 
preciated by one skilled in the art that the program- 
mer 2 can be configured to interface with a hearing 
aid controller other than the GP521. 

As mentioned above, the parameter SELECT 
keys 52,54 and the parameter SETTING keys 56,58 
provide the fitter with the programming functions to 
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adjust the parameters associated with the hearing 
aid(s). As shown in Figure 6, the left portion 76 of the 
display 12 includes a rightear display field 86, and the 
right portion 78 of the display 12 Includes a left ear 
display field 88. The right ear display field 86 includes 5 
bar chart icons 92 which display the values of the au- 
dio signal parameters associated with the right ear 
hearing aid 6. Similarly, the left ear display field 88 in- 
cludes bar icons 92 which display the values of the 
audio signal parameters for the left ear hearing aid 8. io 
As mentioned, in the art the right ear audio signal 
parameters are shown in the left side 76 and the left 
~ear audio signal parameters are shown in the right 
"^side 74. The display 12 includes a graduated scale 90 
between the two fields 86,88. The scale 90 provides 15 
a quick determination of the cur rent value of the para- 
meter currently selected and being adjusted. 

In the preferred embodiment of the invention, 
there are as discussed eight parameters 34 to 48 
available for programming for each hearing aid. The 20 
power parameter (P) 34 sets the maximum output 
power from the hearing aid. It represents the maxi- 
mum output level the hearing aid can deliver. In other 
words, it represents the maximum absolute sound 
pressure level which the hearing aid can produce. 25 
The gain parameter (G) 36 represents the amplifica- 
tion factor of the hearing aid. The low tone (L) 38 para- 
meter is a bass control which cuts out or attenuates 
frequencies below a selected frequency. The selected 
frequency is determined by the setting of this para- 30 
meter. The high tone (H) 40 is the opposite of the low 
tone parameter (L) 38. It represents the ceiling or up- 
per frequency response of the hearing aid. Frequen- 
cies above the selected high tone value are attenuat- 
ed. The compression threshold parameter (C) 42 is a 35 
setting which eliminates clipping. If the input level ex- 
ceeds the compression threshold (C), the gain of the 
hearing aid is reduced to avoid clipping. The release 
time parameter (R) 44 is related to the compression 
threshold (C) 42. Once the hearing aid goes into com- 40 
presslon, the release time parameter sets the time for 
the hearing aid controller to go out of compression af- 
ter input signal which caused compression disap- 
pears. 

The two auxiliary parameters (X) and (Y) 46,48 45 
can be programmed to produce a second prescrip- 
tion, i.e. a second program, for the hearing aid. For 
example, the auxiliary parameters (X) and (Y) 46,48 
can be used for programming a secondary value for 
the gain (G) 36 and low tone cut (L) 38, with all the 50 
other parameters, i.e. power (P) 34, high tone cut (H) 
40, compression threshold (C) 42 and release time 
(R) 44, remaining the same. The hearing aid 6,8 can 
then be switched between the initial set of parameter 
values and the secondary set of parameter values, 55 
I.e. program 1 and program 2, using a switch on the 
hearing aid as is known in the art. 

As shown in Figure 6, each parameter setting is 



displayed using the bar chart icon 92. The bar chart 
icon 92 consists of a number of segments 94 with 
each segment representing an incremental value for 
the parameter. In the preferred embodiment, each 
segment 94 represents a 1/4 increase or decrease in 
the value of the setting by 1/1 5 of the full range of the 
parameter. This is a function of the programmable 
settings in the GP521 as will be appreciated. The val- 
ue of the parameter setting is indicated by cumulative 
number of segments 94. To facilitate determining the 
current value of a parameter setting, the display 12 in- 
cludes two aids. The first aid comprises the graduat- 
ed parameter setting scale 90. The scale is located In 
between the right and left fields 86,88 and indudeb"^ 
numbers indicative of the parameter settings. The 
outside edge of each display field also includes a 
graduated scale 95 but without the numeric indexing. 
The second aid comprises numeric read-out fields 
92R,92Lof the current value of the selected parame- 
ter. As shown in Figure 6, the numeric read-outfields 
92R,92L are located in top outside corners of the dis- 
play 12. The field 92R or 92L displays the current val- 
ue of the selected parameter as a decimal number. 
The decimal number correlates to the value indicated 
by one segment, in this case each segment repre- 
sents a fifth setting. 

Referring stitl to Figure 6, the selected parameter 
setting for low tone (L) 38, indicated by an highlighting 
L within an arrow, is 2.6 in the numeric field 92R for 
the right hearing aid 6. This corresponds to 8 seg- 
ments, i.e. 8/1 5 of the full range, in the bar graph dis- 
play 94 for the L parameter 38. The numeric field 
92R,92Ldisplays the current value of each parameter 
setting and changes as a new parameter is selected 
using the parameter SELECT keys 52,54, which also 
a cursor 55. The numeric field 92R,92Lalso changes 
in response to the parameter SETTING keys 56,58. 

As mentioned, the programmer 2 includes an ad- 
vanced programming function which is associated 
with the A/B COMPARISON key 64. The A/B key 64 
allows the fitting professional to switch, i.e. toggle, 
the hearing aid(s) 6 or 8 mounted in the patienfs 
ear(s) between a first set of parameters and a second 
set of parameters. It will be appreciated that this func- 
tion allows the professional to almost instantaneously 
change the performance characteristics of the hear- 
ing aid 6 or 8 based on the stored parameter values 
and receive immediate feedback from the patient 
based on the two sets of parameters. 

The two sets of parameters are stored locally in 
the programmer 2, in a buffer A and a buffer B (not 
shown). There are respective Aand B buffers for each 
ear. For each ear, only one of the buffers A or B is ac- 
tive at a time. The active buffer is updated in the back- 
ground by the firmware with the current values of the 
parameter settings as they are programmed by the 
fitter, i.e. using the parameter SELECT keys 52,54 
and the parameter SETTING keys 56,58. To compare 
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newly programmed parameter settings with the pre- 
vious settings, i.e. stored in the other buffer, the pro- 
fessional simply pushes the A/B key 64. Pushing the 
A/B key 64 causes a number of actions to occur. For 
example, if buffer A is currently active while the new 5 
parameter values are being programmed, pushing 
the A/B key 64, first deactivates buffer A and acti- 
vates buffer B. Deactivating buffer A causes the new 
(currentlydisplayed) values of the parameter settings 
to be stored in buffer A. Second, by activating buffer io 
B, the display field 86 or 88 is updated with the para- 
meter settings stored in buffer B. 

in the preferred embodiment, on power-up or af- 
ter a reset, buffer A becomes the active buffer. If the 
A/B key 64 is pushed after power-up, then the un- 15 
programmed parameter settings of buffer B are dis- 
played which can be either zero values or default val- 
ues that are initialized during the power-up sequence 
or stored in memory. 

To indicate which buffer, i.e. A or B, is currently 20 
active, the display 12 includes an A/B activity icon in- 
dicated by 98 in Figure 6. The activity icon 98 compris- 
es the letters AB with the respective letter being dis- 
played for the currently active buffer. Since there are 
A and B buffers for each ear, it is also necessary to 25 
look at the hearing aid selected field 78,80 to deter- 
mine which ear the buffer is active for. As shown In 
Figure 6, for a binaural fitting both display fields 
86,88, i.e. right ear and left ear, show the parameter 
settings, and the right ear is active. Consequently, for 30 
the left ear, the display field 86 shows the parameter 
settings of the buffer which was active at the time the 
EAR key 50 was pushed to switch to the right ear. By 
pressing the EAR key 50 again, the left ear becomes 
active, and the A/B activity icon 98 displays the cur- 35 
rently active buffer for the left ear. 

When the A/B key 64 is pushed, the firmware 
also transmits the contents of the currently active 
buffer, i.e. A or B, to the hearing aid 6 or 8 (the select- 
ed hearing aid in a binaural fitting). This function al- 40 
lows the fitter to almost instantaneously change the 
parameter settings of the hearing aid 6 or 8 and im- 
mediately gauge the response of the patient to the 
modified settings. If, for example, the values for the 
low tone cut (L) 38 and gain (G) 36 parameters, are 45 
off slightly, they can be adjusted using the parameter 
SELECT keys 52,54 and SETTING keys 56,58. 

In another embodiment of the present invention, 
when there is a monaural fitting the inactive display 
field 86 or 88 can be used to show the parameter set- 50 
tings stored in the inactive buffer, i.e. A or B. For ex- 
ample, if the patient is only being fitted with a right ear 
hearing aid 6, then the parameter settings stored in 
the active buffer, e.g. the A buffer, can be displayed 
in the right ear display field 86, with the A/B activity 55 
icon 98 indicating A. The left ear display field 88, in 
turn, displays the parameter settings stored in the in- 
active buffer, e.g. the B buffer. When the A/B key 64 



is pushed, the right ear display field 86 changes to the 
parameter values stored in the B buffer, and the A/B 
activity icon 98 indicating B turns on. The left ear dis- 
play field 88, in turn, displays the parameters stored 
in the A buffer which is now the inactive buffer. The 
advantage of this display scenario is that the parame- 
ters stored in both buffers A,B are displayed at the 
same time. 

Once the correct prescription, i.e. parameter set- 
tings, has been determined for the patient, the para- 
meter settings are stored in the hearing aid 6,8 using 
the SAVE key 60. When the SAVE key 60 is pushed, 
the firmware transmits the SAVE command to the 
hearing aid via the lapel unit 20 or directly through the 
cable 4. The SAVE key 60 operates together with the 
SAVE indicators 82,84. As shown in Figure 6, the 
-save indicators 82,84 are located below the respec- 
tive right and left ear selected icons 78,80^at the top 
of the display 12. In the preferred embodimenfof the 
present invention, the save indicators 82,84 flash for 
a preset period but the selected hearing aid 6 or 8 is 
not programmed with the parameter settings stored in 
the current buffer until a second SAVE key 60 depres- 
sion occurs. It will be appreciated that the protocol for 
the SAVE command depends on the type of hearing 
aid being fitted. For the Gennum GP521, the SAVE 
command causes the parameter settings to be trans- 
ferred from RAM to the EEPROM (not shown). 

The other advanced programming feature includ- 
ed in the preferred embodiment is the program 1 and 
program 2 functions associated with the auxiliary 
parameters (X),(Y) 46,48. As mentioned, the parame- 
ters (X),(Y) 46,48 provide an additional two settings 
which can be configured as secondary settings for 
any two of the original six parameters, i.e. power (P) 
34, gain (G) 36, low tone cut (L) 38, high tone cut (H) 
40, compression threshold (C) 42 and release time 
(R)44. For example, the (X) 46 parameter can be con- 
figured as a secondary gain (G) parameter and the 
(Y) 48 parameter can be configured as a secondary 
high tone cut (H) parameter. The configuration of the 
secondary settings is done through hardware in the 
hearing aid in a known manner and is dependent on 
the specifications of the hearing aid being fitted. As 
shown in Figure 6, the display 12 includes a PRO- 
GRAM 12 icon 100 to indicate which PROGRAM is 
active, i.e. the primary program comprising the six 
parameters or the secondary program comprising 4 
parameters and the (X) and (Y) parameters. The 
hearing aid hardware is used to select program 1 or 
program 2. Hearing aid programmers, i.e. the GP521, 
supporting this secondary program feature typically 
include a switch (not shown) which switches between 
program 1 and program 2. 

The last programming feature incorporated in the 
preferred embodiment is the clear function associat- 
ed with the CLEAR key 66. The clear function puts 
the display 12 and the hearing aids 6,8 into an initial- 
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ization state. The initialization state involves transmit- 
ting dear codes to the hearing aids 6,8, activating the 
buffer A, activating the right ear display 86 and right 
ear selected icon 78, clearing settings for the parame- 
ters (P) to (Y) 34 to 48, and setting the parameter SE- 
LECT key to the power (P) 34 parameter. To indicate 
that the clear function is in progress, the scale 90 
flashes for a predetermined period. This is a safety 
feature to prevent clearing the program setting acci- 
dentally. A second depression of the CLEAR key 66 
clears the settings. Pressing any other key while the 
display is flashing restores the on final settings. 

Having considered the functions associated with 
prograrfiffier 2 on a feature level, the discussion will 
now deal with the hardware and firmware implemen- 
tation of these functions. Reference will first be made 
to Figures 8 and 9 which depict the hardware imple- 
mentation, in the preferred embodiment, for the pro- 
grammer 2 and the lapel unit 20 respectively. Next, 
the firmware structure will be considered with refer- 
ence to Figures 10. 11(a)-(b), 12(a)-(g), 13 and 14(a)- 
(b). 

Referring now to Figure 8, the hardware associ- 
ated with programmer 2 comprises a microcomputer 
200, a liquid crystal display (LCD) 202, a key matrix 
204, a battery power supply 205, and the communi- 
cation interface 1 6. The battery power supply 205 can 
comprise four AAA-type cells to provide a supply vol- 
tage of 4 to 6 volts DC. 

The communication interface includes an in- 
frared transmitter 206 and a cable connector 208, 
which is part of the jack 17. In known manner, the 
hardware is mounted on a printed circuit board (not 
shown). 

The microcomputer 200 forms the heart of the 
hardware in the programmer 2. Considerations for 
the programmer 2 dictate a low power device which 
includes on-chip resources such as program mem- 
ory, data memory, input/output ports and timers. It 
will be appreciated that these on-chip resources not 
only reduce the component count, and footprint of the 
circuit board, but also provide a cost effective solu- 
tion. 

A suitable device for the microcomputer 200 is 
the SMC6246 microcomputer manufactured by S- 
MOS Systems Inc. of San Jose, California. The 
SMC6246 is a 4-bit microcontroller which utilizes the 
SMC6200 as its core processor. The SMC6246, man- 
ufactured as a single chip CMOS package, includes 
the following on-chip resources: 6K x 12 Read Only 
Memory (program memory), 640 x 4 Random Access 
Memory (data memory), time base counter, 44 in- 
put/output lines, and a serial communication port In 
addition, the SMC2646 includes two other features 
which make it particularly suited for the programmer 
2 application. They are an on-chip LCD driver and a 
battery level detect circuit (not shown). The SMC2646 
can also operate on a low voltage supply, e.g. 2 to 3 



volts. 

In the preferred embodiment, the LCD display 
202 is a custom designed device. The display 202 
comprises a 50 x 50 mm custom display and is man- 

5 ufactured by Seiko-Epson. 

As shown in Figure 8, the microcomputer 200 in- 
terfaces to the display 202 through an LCD driver port 
210. The SMC6246 driver port 210 has the capability 
to drive a 40 segment display. In this application, the 

10 display 202 requires only 26 segment drive lines 212. 
The other portion of the display driver interface com- 
prises 16 LCD common output lines 214. 

Referring still to Figure 8, the key matrix 204 
comprises three columns 216 and three rows 218, 

15 with the nine function keys 50 to 66 located at the 
cross-points of the rows 218 and columns 216. In the 
preferred embodiment, the three rows 216 connect to 
three output lines 220 in the microcontroller 200 and 
the three columns 216 connect to three input ports 

20 222. In known manner, the key matrix 204 is serviced 
by outputting logic pulses on the rows 218 and scan- 
ning the columns 216. When a key 50 to 66 is pressed 
an electrical contact is formed at the respective 
cross-point and the logic pulse is detected at the input 

25 lines 222 connected to the columns 216. In known 
manner, the columns 216 of the matrix 204 can be 
polled, or serviced as part of an interrupt driven rou- 
tine. 

The microcomputer 200 communicates with the 
30 hearing aids 6,8 using the extension cord 4 and Y-ca- 
ble 5 which connects to the cable port 208 and jack 
17. A serial communication implementation is chosen 
for the cable port 208 because high bandwidth is not 
a requirement and consequently a two-wire imple- 
ad mentation is cost effective. The cable port 208 com- 
prises 2 pairs of input/output tines 224,226. One pair 
224 is dedicated to right hearing aid data transfer, and 
the other pair 226 is dedicated to left ear data trans- 
fer. In each pair 224,226, one line is the clock line 
40 224C,226C and the other line is the data line 
224D,226D, The clock is generated in firmware by 
outputting a train of logic pulses on the clock line 
224C or 226C. Since the input/output structure Is bi- 
directional, the data line 224D,226D provides a half- 
45 duplex communication function. To enhance the in- 
tegrity of the data, each data line 224D,226D is con- 
ditioned using a buffer 227. A suitable device for the 
buffer 227 is the LT101CN8 manufactured by Linear 
Technology Corp. 
50 As shown in Figure 8, the hardware associated 
with the programmer 2 also includes the infrared 
transmitter 206. The transmitter 206 comprises a pair 
of infrared light emitting devices (LEDs) 228a,228b 
connected in parallel to a PNP drive transistor 230. 
55 The transistor 230, in turn, is coupled to an output line 
232 on the microcontroller 200. The transistor 230 
provides the drive current necessary to pulse the in- 
frared LEDs 228a,228b. In known manner, the LEDs 
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228a,228b are pulsed by turning the transistor 230 
ON and OFF using the output line 232. 

Using the infrared transmitter 208, the progrann- 
mer 2 is linked to the lapel unit 20 in a wireless mode. 
The lapel unit 20, as shown in Figure 9, also Includes 5 
a microcomputer 300, which in the preferred embodi- 
ment is the SMC6246. It will be appreciated that the 
primary function of the microcomputer 300 in the la- 
pel unit 20 involves receiving data from the program- 
mer 2, converting the received data into the protocol io 
required by the GP521 located in each hearing aid 
6,8, and downloading the data to the GP521(s). 

In an alternate embodiment, the microcomputer 
300 in the lapel unit 20 can also respond to status re- 
quests, i.e. read operations, from the microcomputer 15 
200 in the programmer 2, and sends the programmer 
2 status data such as the current parameter settings 
downloaded in the GP521 in the hearing aid 6,8. It will 
be appreciated that the programmer 2 and the lapel 
unit 20 essentially function in a master-slave relation- 20 
ship. 

As shown in Figure 9, the microcomputer 300 in 
the lapel unit 20 includes a communication interface 
302 comprising an infrared detector circuit 306, a 
cable port 304, and a battery power supply 307. The 25 
battery power supply 307 can comprise two AAA cells 
to provide a supply voltage of 2 to 3 volts DC. 

The cable port 304, which connects to the jack 22 
(not shown), couples the lapel unit 20 to the hearing 
aids 6,8 via the Y-cable.5. Similar to the programmer 30 
2, the cable port 304 for the lapel unit 20 comprises 
two pairs of lines 308,31 0. The first pair 308 is for the 
right ear hearing aid 6 and comprises a data line 308D 
and a clock line 308C. The second pair 310 connects 
to the left ear hearing aid 8 and also includes a data 35 
line 31 OD and a clock line 310C. The lines 308,310 
are conditioned using a buffer 312. 

The infrared receiver circuit 306 comprises a de- 
tector 314 optimized for the infrared spectrum and a 
bias circuit 316 and an input level shifter 318, The in- 4o 
put buffer 318 couples to the output of the detector 
314 and to an input pin 320 on the microcomputer 
300. In known manner, the input shifter 318 shifts the 
output signal from the detector 314 to a suitable level 
for the logic connected to the input pin 320 in the mi- 45 
crocomputer 300. 

The bias circuit 316 sets the bias of the detector 
314 to optimize the response of the detector 314. In 
the preferred embodiment, the bias circuit 316 in- 
cludes a voltage doubler circuit indicated by 317. To so 
achieve the optimal response from the detector 314, 
it is necessary to use a 5 volt supply. If the microcom- 
puter 300 and lapel unit is being powered by a 2 volt 
battery supply 307, then the voltage doubler 317 is 
used to "up" the bias voltage to the detector 314. As 55 
shown the voltage doubler circuit 317 comprises the 
MAX630CSA integrated circuit indicated by 319. The 
circuit 31 9 is configured in known manner using an in- 



ductor 319i, a diode 31 9d and a capacitor 31 9c. In the 
preferred embodiment, an output line 322 on the mi- 
crocomputer 300 is used to disable the bias circuit 
316 by coupling to the circuit 319 and to an enable 
transistor 321. The transistor 321 connects to a ter- 
minal of the detector 314 and controls the current in 
the detector 314. This disable logic allows the^bjas cir- 
cuit 316 and detector 314 to be put into a power-save 
mode, for example, when there are no hearing aid(s) 
6,8 plugged into the lapel unit 20. 

The microcomputer 300 in the lapel unit 20 also 
includes the pair of status LEDs 26,28. The first LED 
26 indicates that an infrared data stream has been r^i- 
ceived from the programmer 2. In the preferred em- 
bodiment, this status LED 26 is green and flashes un- 
der the control of the firmware in known manner, for 
example LED ON followed by LED OFF, can be added 
to indicate an incomplete reception of data from.the 
programmer 2. The other status LED 28 is red and in- 
dicates a low battery. The battery status LED 28 is un- 
der the control of the firmware. The firmware uses 
the battery level detect feature of the SMC6246 to 
control the LED 28 via an output line 324. Similarly, 
the data receive LED is controlled by the firmware 
through another output line 326. In known manner, 
both LEDs 26,28 are coupled to the output lines 
324,326 via respective current limiting resistors 
328,330. 

With the previous hardware description kept in 
mind, the discussion will switch to the firmware rou- 
tines controlling the microcomputer 200 in the pro- 
grammer 2, and the routines controlling the micro- 
computer 300 in the lapel unit 20. The discussion first 
considers the structure of the firmware program stor- 
ed in the ROM of the microcomputer 200 in the pro- 
grammer 2, followed by the structure of the firmware 
in the microcomputer 300 of the lapel unit 20. 

Referring first to Figure 10, the top level or main 
loop of the firmware program resident in the program- 
mer 2 is shown in flow-chart form. On power-up or af- 
ter a reset (block 400), the firmware first goes 
through a start-up sequence. The start-up sequence 
comprises an initialize programmer procedure 402 
and a programmer self- test procedure 404. Once the 
start-up sequence is completed, the firmware enters 
a service loop 406. The service loop 406 comprises 
a number of procedure calls to control the features as- 
sociated with the programmer 2. The service loop 
406 includes a reset watchdog procedure 408, an en- 
able timer interrupt procedure 41 0, an enable keypad 
interrupt procedure 412, and an idle or halt state 414. 
In the idle or halt state 414, the firmware waits for an 
interrupt either from the keypad 14 or the on-chip 
timers (not shown). Once an interrupt is received, the 
firmware either goes into the keypad interrupt han- 
dler 416 or the timer interrupt handler 418 to service 
the respective interrupt After servicing the interrupt, 
the firmware returns to the service loop 406 and the 
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idle state 414. 

It Is apparent that the service loop 406 is organ- 
ized as an interrupt driven process, I.e. firmware con- 
trol moves through the loop 406 in response to an in- 
terrupt from the keypad 14 or an interrupt from the 
on-chip timer (not shown). In another embodiment, 
the service loop can be implemented as a pooling 
loop in knbwh'manner. In a pooling loop, the keypad 
14 is scanned cyclically. 

The timer interrupt handler 41 8 is shown in Fig- 
ure 1 1 (a). The timer Interrupt handler41 8 is called ev- 
ery time there is an Interrupt from the on-chip timer 
of the microcomputer 200. As shown in Figure 11(a), 
the interrupt hahdlir 418 includes calls to the reset 
watchdog procedure 408, and to a hearing aid con- 
nected procedure 420. The hearing aid connected 
procedure 420 determines if there is a right or left 
hearing aid 6,8 or both, i.e. a binaural fitting, connect- 
ed to the Y-cable 5. The timer interrupt handler 418 
also Includes a power-down feature 422. The power- 
down feature 422 can be initiated in two ways. First, 
if there are no hearing aids 6,8 present, as deter- 
mined by the procedure 420, then the firmware puts 
the programmer 2 into a power-down mode to con- 
serve the battery supply. Secondly, the power-down 
mode can be entered if there is a low battery indica- 
tion. The battery status is determined by first calling 
a check battery level procedure 424 and then an auto 
power-down procedure 426. The check battery proce- 
dure 424 operates with the battery level detection cir- 
cuit (not shown) in the microcomputer 200 and sets a 
flag if the battery level is low. The power-down pro- 
cedure 426 uses this flag to decide entry into the 
power-down mode. 

The reset watchdog procedure 408 resets the 
watchdog or sanity timer, which in the preferred em- 
bodiment is included in the microcomputer 200 on- 
chip resources. In software/firmware design. It is 
common practice to include a watchdog timer. The 
function of the watchdog timer is to keep the sanity 
of the firmware. Sanity of the firmware is ensured if 
the watchdog timer is reset periodically, i.e. before it 
times out. If the watchdog is not reset before its time- 
out, then the assumption is that the firmware has lost 
control and a power-on reset is generated by the 
watchdog to reboot the firmware. It will be appreciat- 
ed that the watchdog timer is a last resort recovery 
technique, and not a substitute for sound firmware 
design and debugging. 

Referring next to Figure 11(b), the keypad Inter- 
rupt handler 416 is shown as a logic flow diagram. 
Pressing one of the keys 50 to 64 on the keypad 14 
generates an interrupt which causes the firmware to 
pass control to the handler 41 6. The first step involves 
disabling interrupts (block 417) so that the keypad 
handler 416 is not interrupted by a higher priority in- 
terrupt. Since the display 12 responds to keypad 14 
presses, the next step involves enabling the display 



(block 419). 

As shown, the keypad interrupt handler 41 6 com- 
prises nine decision blocks 428 to 444, one for each 
key 50 to 64. The function of the decision blocks 428 

5 to 444 is to determine which key was pressed and call 
the procedure for servicing the pressed key. For ex- 
ample, if the SETTING key 56 has been identified as 
the pressing key using block 428, then control passes 
to an increment parameter service procedure (block 

10 446). The keypad interrupt handler 416 can include a 
key debounce procedure (not shown). The function of 
the debouncer is to sample the crosspoint after a time 
cut to ascertain a valid keypress. If desired, the key- 
pad handler 416 can also incorporate n-key rollover 

15 (not shown) as is known in the art. 

Each key 50 to 64 has its own servicing proce- 
dure. As shown in Figure 11(b). there is the increment 
parameter service procedure 446, a decrement para- 
meter service procedure 448, a select right service 

20 procedure 450, a select left service procedure 452, a 
service A/B procedure 454, a service EAR procedure 
456, a service READ procedure 458, a service SAVE 
procedure 460, and service CLEAR procedure 462. In 
the following paragraphs, the details of these proce- 

25 dures are discussed. 

The first keypad service routine considered is the 
increment service procedure' 446 depicted in Figure 
12(a). The procedure 446 performs two functions in 
response to the SETTING INCREASE key 56 being 

30 pressed. The first function involves transmitting the 
incremented parameter value to the hearing aid 6,8 
which is active. The second function involves updat- 
ing the associated bar chart icon 92 on the display 12. 
As shown in Figure 12(a), the first step indicated by 

35 block 446a is to load the transmit buffer. The next step 
is a conditional branch (indicated by decision block 
446b) which determines the mode of data transmis- 
sion, i.e. via the cable 4 or by the infrared transmitter 
1 8 and cable 5. The conditional branch 446b tests an 

40 IRflag. If the IRflag is TRUE, then the parameter set- 
ting is transmitted to the hearing aid 6,8 via the in- 
frared transmitter 18 and lapel unit 20 indicated by 
block 446c, If the IRflag is FALSE, then the parame- 
ter setting is transmitted via the cable 4, indicated by 

45 block 446d. The next step involves another condition- 
al branch indicated by decision block 446e. This con- 
ditional block 446e tests if there was a valid data 
transmission. If the condition is TRUE, i.e. no data er- 
ror, then the parameter setting stored in a local reg- 

50 ister (in block 446f) Is incremented and the display 12 
updated (in block 446g). If there was a data error, 
then the transmit operation is repeated. The setting 
decrement service procedure 448 functions in the 
same manner, except the increment parameter set- 

55 ling step 446f is replaced by a decrement parameter 
setting block (not shown). 

Considering the shift right procedure 450, the 
procedure 450 is called when the SELECT RIGHT 
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key 52 is pressed. Recall that the function of the SE- 
LECT RIGHT key 52 is to select parameters 34 to 48 
right of the current parameter. Referring to Figure 
1 2(b), the procedure 450 includes six operations. The 
first operation (indicated by block 450a) Involves 5 
transmitting the value of the previously selected para- 

r meter to the hearing aid currently being programmed. 
The second operation is a conditional branch (deci- 
sion block 450b) and checks if there was a valid data 
transmission by monitoring the data packet echo from io 
the GP521 controller. The third operation Is another 
conditional branch (decision block 450c), which 

-^checks for a binaural fitting. If the condition is TRUE, 
the BIN register incremented. Otherwise, control 
passes to the next operation, which is also a condi- 15 
tional branch (decision block 450d). This conditional 
branch 450d determines whether the monaural hear- 
ing aidjs right or left 6 or 8, and then increments the 
respective register. The last operation (block 450e) in- 
volves updating the position of the cursor 55 on the 20 
display 12. The position of the cursor 55 indicates 
which parameter 36 to 48 which is currently selected. 
The shift left procedure 452 functions in the same 
manner, except the right and left position registers 
are decremented. 25 

The next procedure to consider is the A/B COM- 
PARISON service procedure 454. In response to the 
A/B key 64 being pressed, the A/B service procedure 
454 causes the display 12 to toggle between the A 
and B buffers. The A/B service procedure 454 per- 30 
forms three principal functions. First, the procedure 
454 transmits the parameter values stored in the cur- 
rently active buffer. Second, the procedure 454 acti- 
vates the currently inactivate buffer, i.e. Aor B. Third, 
the procedure 454 updates the display with the para- 35 
meter values stored in the newly activated Aor B buf- 
fer. 

As shown in Figure 12(c), the A/B service proce- 
dure 454 includes two conditional branches 
454a,454b, which break the program flow into three 40 
streams 454(1 ),454(2),454(3) corresponding to the 
right ear hearing aid, the left ear hearing aid and a bi- 
naural fitting. Considering first the right ear stream 
454(1), the conditional branch 454a is followed by an- 
other conditional branch 454e which ascertains the 45 
active buffer, i.e. A or B. If the A buffer is active and 
the A/B key was pressed, then the B buffer will be- 
come the active buffer. Therefore, it is necessary to 
transmit to the right ear hearing aid 6 the parameter 
values stored in buffer B as indicated by block 454d. so 
After transmitting the values stored in buffer B, the 
procedure 454 enters another conditional branch 
454e which tests for a valid transmission. If the trans- 
mission was not valid, i.e. condition is false, then the 
contents of buffer A are transmitted to the right hear- 55 
ing aid 6 and control returns to the keypad service 
procedure 416 in blocks 454f,454g. 

Referring still to Figure 1 2(c), if the transmission 



was successful, i.e. condition is TRUE, then the pro- 
cedure 454 selects buffer B (block 454h), and sets the 
A flag to FALSE and the B flag to TRUE. The proce- 
dure then updates the display 12 with the parameter 
values stored in buffer B in block 4541. If the B register 
is active, i.e. condition B, as determined by condition- 
al branch 454e, then the same steps are followed, ex- , 
cept that buffer A is transmitted and activated, while 
buffer B is deactivated. Similarly, for a left ear hearing 
aid 8, the same steps are implemented, except that 
buffers A,B for the left ear are operated on. 

With continued reference to Figure 12(c), the 
third stream 454(3) of the A/B service procedure for 
a binaural fitting is considered. The binaural fitting 
stream 454(3) is entered if the conditional branches 
454a,464b are both false, i.e. right ear is not active 
and left ear is not active. Once in the third stream 
454(3) there is a conditional branch 454j which deter- 
mines the currently active register, i.e. A or B. Con- 
sidering first buffer A active, the parameter settings 
stored in both the right buffer B and the left buffer B 
are transmitted to the GP521s in the right and left 
hearing aids 6,8 respectively (block 454k). The next 
step involves another conditional branch 4541 which 
tests if the transmission of the right and left B buffer 
contents was successful. If the transmission was not 
successful, then the contents of the right and left A 
buffers are transmitted to the GP521 s in the right and 
left hearing aids 6,8 respectively in block 454m, and 
control returns to the keypad interrupt handler 416 in 
block 454 n. Note that for an unsuccessful transmis- 
sion, the display 12 is not updated, and the contents 
of right and left A buffers remain on the display 12. 

If the transmission is successful, then the proce- 
dure 454 proceeds with activating the right and left B 
buffers and updating the display 12. The right and left 
B buffers are activated in block 454 o. The next step 
(block 454p) involves activating the B buffer flag and 
deactivating the A flag. The following two steps in- 
volve updating the right ear display field 86 with con- 
tents of the right B buffer (block 454q) and updating 
the left ear display field with the contents of the left 
B buffer (block 454r). The control then returns to the 
keypad interrupt handler416. If the B buffer was cur- 
rently active as determined at the conditional branch 
454j, then the same steps are followed, except the 
right and left A buffers are activated and the right and 
left B buffers are deactivated. 

Referring next to the service EAR procedure 456 
shown in Figure 12(d), the procedure 456 toggles be- 
tween the selecting the right and left hearing aids 6,8 
and a binaural fitting. The procedure 456 involves two 
conditional branches 456a,456b. The first conditional 
branch tests if the right hearing aid 6 is selected. If the 
right hearing aid 6 is selected, i.e. condition is TRUE, 
then the left hearing aid 8 is selected. This involves 
setting a L- bit (block 456c), enabling a left display cur- 
sor (block 456d), blanking the right display 86 func- 
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tions (block 456e), and enabling the left display field 
88 functions (block 456f). Similarly, the second con- 
ditional branch (block 456b) tests if the left hearing 
aid a Is selected. If the left hearing aid 8 is selected, 

1. e. L-bit Is TRUE in block 456b, then the right display 5 
86 is activated in a similar fashion in blocks 456g to 
456j. 

If the condition In block 456b is FALSE, and con- 
dition in block 456a is also FALSE, then the binaural 
fitting flag Bi is set in block 456k. In a binaural fitting io 
both right and left display fields 86,88 are activated 
(block 456m) along with the right and left cursors 
(block 4561). Control then returns to the keypad han- 
dler 416. ^H^^- 

The next procedure to consider is the READ key 15 
service procedure 458. In response to the READ key 
62 being pressed, the READ service procedure 458 
requests the current parameter values from the hear- 
ing aid 6 or 8 (stored in the RAM of the GP521s), and 
then secondly, updates the display 12 with the val- 20 
ues. As shown in Figure 12(e), the first step in the pro- 
cedure 458 Is a conditional branch 458a which deter- 
mines if there is a cable 4 attached to the programmer 

2. Recall that a cable 4 is required since the infrared 
interface 18 only provides a transmit function to the 25 
lapel unit 20. If there is no cable 4 present, i.e. condi- 
tion is FALSE, then control returns to the keypad in- 
terrupt handler416. If the cable 4 is present, then the 
procedure 458 flashes the READ icon 1 02, sends the 
read command and waits for the response from the 30 
GP521 in the hearing aid 6 or 8. 

To flash the READ icon 102 and set a response 
time, the procedure 458 includes a step (block 458b) 
for setting a time-out counter. The next two steps 
(blocks 458c,458d) involve flashing the READ icon 35 
1 02 and then decrementing the counter by one. Next 
there is a conditional branch (block 458e), if the coun- 
ter value is greater than zero, i.e. not timed-out, then 
the read code is sent to the GP521 in the hearing aid 
6 or 8 in block 458f. The next step is another condi- 40 
tional branch (block 458g) which verifies that there 
was a valid transmit/receive. If the condition is TRUE, 
i.e. valid transmit/receive, then the local buffers are 
updated with the parameter settings in block 458h, 
the PGLHGRXY parameter icons are turned on in 45 
block 4581, and the display 12 is updated with the re- 
ceived parameter settings in block 458j. If the condi- 
tion is FALSE, i.e. transmit/receive not valid, then 
control returns to block 458c, the counter is decre- 
mented in block 458d and the transmit/receive oper- 50 
ation (blocks 458f,458j) is repeated until the counter 
times out as indicated by decision block 458e. If the 
counter times out without a valid transmit/receive, 
then only the PGLHGRXY icons are turned on in 
block 458k, without updating the display 1 2, and con- 55 
trol returns to the keypad interrupt handler 416. 

The next procedure discussed is the SAVE key 
service procedure 460. The function of the SAVE ser- 



vice procedure 460 is to save the current parameter 
settings stored in the hearing aid in response to the 
SAVE key 60 being pressed. Recall that for the 
GP521, the parameter settings are stored in RAM. To 
transfer them to non-volatile memory, i.e. EEROM, it 
is necessary to transmit a SAVE code. As shown in 
Figure 12(f), the SAVE procedure 460 performs two 
principal functions. The first function is flashing the 
appropriate SAVE indicator 82 or 84 for a predeter- 
mined time on the display 12. The second function In- 
volves transmitting the SAVE code to the GP521 in 
the hearing aid 6 or 8. To flash the SAVE indicator 
82,84, the procedure 460 first sets a time-out counter, 
indicated by block 460a. The next two steps (blocks 
460b,460c) involve flashing the SAVE indicator 82,84 
and then decrementing the time-out counter. The 
fourth step is a conditional branch (block 460d) which 
tests if the time-out counter is zero, i.e. "timed out". 
If the counter is zero, then the SAVE indicator is 
turned off as indicated by block 460e. If the counter 
is still active, i.e. not zero, then the save code is trans- 
mitted in block 460f. After block 460f, there is a con- 
ditional branch (block 460g) which verifies the trans- 
mission of the save code. If the transmission was suc- 
cessful, then the SAVE indicator 82,84 is turned off. 
If the transmission was not successful, control returns 
to block 460b of the procedure 460. It will be appre- 
ciated that the procedure 460 will attempt to transmit 
the save code until the counter times out in block 
460d. If the transmission was successful, then the 
SAVE indicator 82 or 84 is turned off in block 460h, 
and control is returned to the keypad interrupt han- 
dler 41 6. 

In the preferred embodiment of the invention, the 
last key handled by the keypad interrupt handler 416 
is the CLEAR key 66. In response to the CLEAR key 
66 being pressed, the CLEAR key service procedure 
462 is called. The CLEAR procedure 462 performs 
two principal functions. First, the procedure 462 
clears the right and left hearing aid controllers. Sec- 
ond, the procedure 462 initializes the display 12 and 
clears the local A and B buffers, and sets certain de- 
fault flag values as will be discussed. 

The CLEAR key service procedure 462 is shown 
in Figure 12(g). The first step (block 462a) involves 
transmitting the clear codes to the GP521 controllers 
In the right and left hearing aids 6,8. This step is fol- 
lowed by a conditional branch (block 462b) which 
tests if the transmission was successful. If the condi- 
tion is false, then control is returned to the keypad in- 
terrupt handler 416. If the transmission of the clear 
codes was successful, then control proceeds to the 
next step which involves clearing the parameter val- 
ues (block 462c) on the display 12, followed by flash- 
ing the scale (block 462d). The next step involves 
clearing the contents of the parameter registers 
(block 462e). This is followed by setting the A buffers 
to active in block 462f and the default active ear to the 
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right ear in block 462g. The current function is set the 
power parameter in block 462h. The last operation in- 
volves updating the display in block 462i. This results 
in the default active functions being displayed, i.e. 
right ear selected 78, A buffer, power paranneter (P). 5 
Control then returns to the keypad interrupt handler. 

As jiscussed, the lapel unit 20 also has a micro- 
controller 300 with its own firmware. The top level 
loop of the firmware Is shown in Figure 13. The overall 
structure of the firmware in the lapel unit 20 is some- io 
what similar to that in the programmer 2. After a pow- 
er-up or reset, the first step involves an initialization 
operation indicated by block 502. The initialization . 
procedure 502 is within the capability of one skilled in 
the art of firmware design. The next step involves is 
running a lapel unit self-test or diagnostics procedure 
504. This also is known to one skilled in the art. The 
f irmware th^en enters a service loop 506. The next two 
operations involve resetting the watchdog timer 
(block 508) and enabling the timer interrupt (block 20 
510) which are similar to blocks 408,41 0 described for 
the firmware in the programmer 2. The next operation 
(block 512) involves enabling the interrupt for the in- 
frared receive 306. Recall that for the lapel unit 20 
data can only be received firom the programmer 2 via 25 
the infrared receiver 24. In the preferred embodi- 
ment, an interrupt is generated when a data packet Is 
received from the programmer 2. After the above op- 
erations are completed, the firmware enters a halt or 
idle mode indicated by block 514. The firmware re- 30 
mains in the halt mode until another interrupt is gen- 
erated. 

An interrupt in the firmware of the lapel unit 20 
can originate from two sources. The first interrupt 
source is the on-chip timer, and the second is the in- 35 
frared receiver 24. Considering first the timer inter- 
rupt, when a timer interrupt is generated, control 
switches to the timer interrupt handler indicated by 
block 516. The timer interrupt handler 516 is shown 
in Figure 14(a). In known manner, the first step in 40 
block 516a involves disabling the interrupts so that 
the handler 51 6 itself cannot be interrupted by a high- 
er priority interrupt. The second step involves a con- 
ditional branch in block 516b which involves testing 
for the presence of a hearing aid(s) 6,8. 45 

If there are no hearing aids 6 or 8 connected to 
the lapel unit 20, the handler 516 decrements a no- 
hearing aid counter 516c which is followed by a con- 
ditional branch 51 6d to test the value of the no-hear- 
ing aid counter, i.e. block 51 6d. It will be appreciated so 
that since the timer interrupt handler 516 is called in 
response to the timer interrupt, the no-hearing aid 
counter value is a multiple of the time-out value for 
the on-chip timer. If the conditional branch (block 
51 6d) is true. I.e. the no-hearing aid timer has timed 55 
out, then the infrared receiver 24 is disabled by turn- 
ing off transistor 321 (block 51 6e). The infrared re- 
ceiver circuit 306 is also put into a power-down mode 



by disabling the supply voltage (block 51 6f) via the 
voltage doubler 317, i.e. using output line 322 on the 
microcontroller 300. The last step, in this no-hearing 
aid time out mode, is to mask, i.e. disable, the infrared 
interface interrupt in block 51 6g. After enabling inter- 
rupts in block 51 6h, control then returns to the ser- 
vice loop 406 of the firmware. This is also the case if 
the no-hearing aid counter has timed out. 

If hearing aid(s) 6 or 8 are present (block 516b is 
TRUE), then, as shown in Figure 14(a), the next op- 
eration Involves enabling the supply voltage to the in- 
frared receiver 24 in block 51 6i. The following step in- 
volves enabling the infrared receiver 24 in block 51 6j 
by turning transistor 321 on via output line 322 and 
enabling the interrupt for the infrared interface in 
block 516k. This is followed by setting the initial or 
counter value for the no-hearing aid counter in block 
5161. The last step before returning to the main level 
is to enable the interrupts in block 51 6h, recall the m- 
terrupts were disabled when the handler was entered 
in block 516a. 

The next and final procedure considered is the in- 
frared receiver interrupt handler 518. As mentioned 
above, an interrupt is generated with reception of the 
start bit in the data packet from the programmer 2. 
The interrupt causes control to switch to the interrupt 
handler 518 which is shown in Figure 14(b). The first 
operation in the handler 518 involves fetching the in- 
coming character in block 518a from the infrared re- 
ceiver circuit 306. Recall that the data received by the 
infrared interface 306 is read into the microcontroller 
300 on input line 320. It will be appreciated by one skil- 
led in firmware design that fetching the incoming 
character is a separate procedure whose operation 
depends on the data packet structure. In known man- 
ner, the data packet can include marker bits, parity 
and step bits. In the preferred embodiment, the data 
packet includes an ear bit (not shown). The firmware 
uses the ear bit to route the received command to the 
appropriate hearing aid 6 or 8. 

Referring still to Figure 14(b), the next operation 
involves transmitting the received data to the right or 
left ear hearing aid 6 or 8 as indicated by the ear bit. 
The ear bit determines on which line pair 310 or 308 
the data is transmitted, i.e. data right ear 308D or data 
left ear 310D. In known manner, the received data is 
formatted and transmitted according to the protocol 
required by the GP521 controller in the hearing aid 
6,8 (block 518b). The following operation is a condi- 
tional branch, indicated by decision block518c. which 
tests for a valid data transfer to the hearing aid 6,8 via 
the data packet echo feature of the GP521 controller. 
If there is an invalid data transfer, the green LED 26 
is flashed in block 51 8d. Otherwise, confrol returns to 
a conditional branch (block 51 8e) which determines 
if the complete packet has been sent to the hearing 
aid. If the entire packet has been sent, then control 
returns to the main level, otherwise the transmit se- 
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quence in blocks 518c,518d is repeated. 

In the previous discussion, the implementation of 
the programmer 2 and lapel unit 20 and the corre- 
sponding firmware was described for use with the 
GP521 hearing instrument controller manufactured s 
by Gennum Corporation. It will be appreciated that 
the present invention is easily adaptable to any of the 
other programmable hearing ai3 cShtrollers currently 
available such as the Phox, 3M Memorymate, Widex 
Quattro, Siemens Triton, etc. To accommodate the io 
other hearing aid controllers, the firmware can in- 
clude additional modules. These modules can be ac- 
tivated either by handshaking .with theThearing aid 
controller via the cable 4, or by'^iflspScial key se- 
quence, for example, pushing the A/B, EAR and is 
CLEAR keys 64,50,66 at the same time. 

Furthermore, it will be evident to those skilled in 
the art that other embodiments of the Invention fall 
within its spirit and scope;^£is defined by: tpBTollowing 
claims. 20 



Claims 



1. A programmer for programming one or more 25 
hearing aids, each of said hearing aids including 

a programmable controller for setting the audio 
signal parameters of the hearing aid, and said 
hearing aids being capable of fitting in or on a pa- 
tient's right ear and left ear, said programmer 30 
comprising: 

(a) data entry means for programming the au- 
dio signal parameters; 

(b) display means for displaying the values of 

the audio signal parameters; and 35 

(c) controller means, coupled to said data en- 
try means and to said display means, for con- 
trolling said display means, said controller 
means including communication means for 
communicating with the programmable con- 40 
troller in each of said hearing aids. 

2. A programmer as claimed in claim 1 , wherein said 
programmer is contained in a housing, said hous- 
ing being small enough so that said programmer 45 
can be held in one hand for programming the au- 
dio signal parameters. 

3. A programmer as claimed in claim 2, further in- 
cluding a battery power supply means, coupled to so 
said controller means and to said display means, 

for providing power to said programmer, so that 
said programmer is portable and can be hand- 
held. 

55 

4. A programmer as claimed in claim 1 , wherein said 
controller means includes a number of control 
pads for controlling said display means, said con- 



trol pads being connected to said display means, 
and said display means being responsive to said 
control pads. 

5. A programmer as claimed in claim 4, wherein said 
display means includes a plurality of display 
fields for displaying values of the audio signal 
parameters, said display fields being coupled to 
said control pads and being responsive to said 
controller means, so that the values of audio sig- 
nal parameters for each of said hearing aids can 
be displayed in selected display fields. 

6. A programmer as claimed in claim 5, wherein said 
plurality of display fields comprises a right ear dis- 
play field for displaying the values of the audio 
signal parameters associated with the hearing 
aid fitted in the patient's right ear, and a left ear 
display field for displaying the values of the audio 
signal parameters associated with the hearing 
aid fitted in the patient's left ear, and each of said 
right ear and left ear display fields being coupled 
to said control pads and being responsive to said 
controller means so that the values of the audio 
signal parameters for the hearing aids fitted in 
the respective right and left ears of the patient 
can be selectively displayed. 

7. A programmer as claimed in claim 6, wherein said 
right ear display field and said left ear display are 
located adjacent one another. 

8. A programmer as claimed in claim 7, wherein 
each of said right ear and left ear display fields in- 
clude a plurality of sub-display fields for display- 
ing the individual values of the audio signal para- 
meters, each of said sub-display fields being cou- 
pled to said control pads and being responsive to 
said controller means. 

9. A programmer as claimed in claim 8, wherein 
each of said sub-display fields comprises a bar 
chart, each bar chart having a plurality of ser- 
pents with each serpent being representative of 
an incremented value of an audio signal parame- 
ter, and said bar charts being coupled to said con- 
trol pads and being responsive to said controller 
means. 

10. A programmer as claimed in claim 8, wherein 
there are sub-display fields for six audio signal 
parameters, said sub-display fields being cou- 
pled to said control pads and being responsive to 
said controller means for displaying the values of 
said six audio signal parameters, said six audio 
signal parameters comprising power output, gain, 
low tone, high tone, compression threshold and 
release time. 
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11. A programmer as daimed in claim 10, wherein 
said right ear and left ear display fields each in- 
clude two additional sub-display fields, said two 
sub-display fields being coupled to said control 
pads and being responsive to said controller 5 
means for displaying the values of two auxiliary 
audio signal parameters. 

1 2. A programmer as claimed In claim 5, wherein said 
plurality of display fields includes a hearing aid fit- io 
ting icon for indicating which of the patient's ears 

are fitted with said hq^'mg aids, said hearing aid 
fitting icon being.dpupled to said control pads and 
being responsive to said controller means. 

15 

13. A programmer as claimed in claim 12, wherein 
said plurality of display fields includes a right ear 
programming icqnJor indicating when the hear- 
ing aid in the patient's right ear Is being program- 
med, said right ear programming icon being cou- 20 
pled to said control pads and being responsive to 
said controller means, and a left ear program- 
ming icon for indicating when the hearing aid in 

the patient's left ear is being programmed, said 
^ left ear programming icon being coupled to said 25 
control pads and being responsive to said control- 
ler means. 

14. A programmer as claimed in claim 5, wherein said 
plurality of display fields includes a right ear nu- 30 
meric readout for displaying the numeric value of 

a selected audio signal parameter associated 
with one of the hearing aids, said right ear numer- 
ic readout being coupled to said control pads and 
being responsive to said controller means, and a 35 
left ear numeric readout field for displaying the 
numeric value of a selected audio signal parame- 
ter associated with the other hearing aid, and 
said left ear numeric readout field being coupled 
to said control pads and being responsive to said 40 
controller means. 

15. A programmer as claimed in claim 5, wherein said 
plurality of display fields includes a right ear save 

icon for indicating when the values of the audio 45 
response parameters are being saved by the pro- 
grammable controller in one of said hearing aids, 
said right ear save icon being coupled to said con- 
troller lines and being responsive to said control- 
ler means. 50 

1 6. A programmer as claimed in claim 5, wherein said 
plurality of display fields includes a left ear save 
icon for indicating when the values of the audio 
response parameters are being saved by the pro- 55 
grammable controller in one of said hearing aids, 
said left ear save icon being coupled to said con- 
troller lines and being responsive to said control- 



ler means. 

1 7. A programmer as claimed in claim 5, wherein said 
controller means includes means for storing a 
first set of values for the audio signal parameters 
and a second set of values for the audio signal 
parameters for each of said hearing aids, and 
wherein said plurality of display fields includes an 
AB icon for indicating which of said first and sec- 
ond sets is being displayed for each of said hear- 
ing aids, said AB icon being coupled to said con- 
trol pads and being responsive to said controller 

. means. 

18. A programmer as claimed in claim 17, wherein 
said controller means includes sending means for 
selectively transmitting one of said first and sec- 
ond sets of values for the audio signal parameters 
to the associated hearing aid, said sending 
means being responsive to said controller means 
for selectively transmitting one of said first and 
second sets of values for the audio signal para- 
meters to the associated hearing aid in a mono- 
aural fitting, and in a binaural fitting, said sending 
means selectively transmitting one of said first 
and second sets of values for the audio signal 
parameters to each of the respective hearing 
aids. 

19. A programmer as claimed in claim 11. wherein 
said plurality of display fields includes a program 
icon for indicating the display of said auxiliary au- 
dio signal parameters, said program icon being 
coupled to said control pads and being respon- 
sive to said controller means. 

20. A programmer as claimed in claim 1, further in- 
cluding a lapel unit, said lapel unit having: 

(a) interface means for communicating with 
said programmer; 

(b) hearing aid connect means for coupling 
said hearing aids to said lapel unit; and 

(c) lapel controller means, coupled to said in- 
terface means and to said hearing aid connect 
means, and said lapel controller means being 
responsive to said interface means and to 
said hearing aid connect means. 

21. A programmer as claimed in claim 20, wherein 
said communication interface includes an in- 
frared receiver, said infrared receiver being cou- 
pled to the lapel controller means, and said lapel 
controller means being responsive to said in- 
frared receiver. 

22. A programmer as claimed in 21, wherein said 
communication interface includes a port for cou- 
pling the hearing aids to said lapel unit, said port 
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display field for displaying the values of the 
audio signal parameters associated with the 
hearing aid fitted in the patient's left ear. 

5 28. A device as claimed in claim 27, wherein said con- 
troller means Includes a number of control pads 
for controlling said display fields, and said display 
fields being coupled to said control pads and be- 
ing responsive to said controller means. 

10 

29, A device as claimed in claim 28, wherein said dis- 
play means includes a plurality of display fields 
for displaying values of the audio signal parame- 
ters, said display fields being coupled to said cen- 
ts trol pads and being responsive to the controller, 
so that the values of audio signal parameters for 
each of said hearing aids can be displayed in se- 
lected display fields. 

20 30, A programmer as claimed in claim 28, wherein 
said right ear display field is coupled to said con- 
trol pads and is responsive to said controller 
means, and said left ear display field is coupled 
to said control pads and is responsive to said con- 
25 troller means, so that the values of the audio sig- 

nal parameters for the hearing aids fitted in re- 
spective right and left ears of the patient can be 
selectively displayed. 

30 31, A programmer as claimed in claim 29, wherein 
said right ear display field and said left ear display 
are located adjacent one another. 



being coupled to said hearing aid connect means, 
and said lapel controller means being responsive 
to said hearing aid connect means, so that said 
lapel controller means can communicate with the 
programmable controller In each of said hearing 
aids. 

23. A programmer as claimed in claim 21 ■ wherein 
said infrared receiver includes an infrared detec- 
tor, a bias circuit for biasing said infrared detector, 
said bias circuit being coupled to said infrared de- 
tector, and said infrared detector being connected 
to said lapel controller means. ^ i jf-?^ 

24. A programmer as claimed in claim 23, wherein 
said infrared receiver further includes a disable 
circuit for disabling said infrared detector and said 
bias circuit to reduce power consumption, said 
disable circuit being coupled to said infrared de-^ 
tectorand to said bias circuit, and said disable cir- 
cuit also being connected to said lapel controller 
means, so that said lapel controller means can 
disable said infrared detector and said bias circuit 
in response to said hearing aid connect means. 

25. A programmer as claimed in claim 1 , wherein said 
data entry means comprises a keypad, said key- 
pad having a plurality of keys, and said keypad 
being connected to said controller means and 
said controller means being responsive to one or 
more of said keys being pressed. 

26. A programmer as claimed in claim 1 , 3, 5, 6, 8, 18 
or 25, wherein said display means is a liquid crys- 
tal display device. 35 

27. A programmer for programming one or more 
hearing aids, each of said hearing aids including 
a programmable controller for setting the audio 
signal parameters of the hearing aid, and said 40 
hearing aids being capable of fitting in or on a pa- 
tienf s right ear and left ear, and said programmer 
including a display unit, data entry means, for pro- 
gramming the audio signal parameters, display 
means for displaying the values of the audio sig- 45 
nal parameters, and controller means coupled to 

said data entry means and to said display means, 
for controlling said display means, said controller 
means including communication means for com- 
municating with the programmable controller in so 
each of said hearing aids, said display means 
comprising: 

(a) a plurality of display fields; 

(b) said display fields including a right ear dis- 
play field for displaying the values of the au- ss 
dio signal parameters associated with the 
hearing aid fitted in the patient's right ear; and 

(c) said display fields also including a left ear 



32, A programmer as claimed in claim 30, wherein 
each of said right ear and left ear display fields in- 
clude a plurality of sub-display fields for display- 
ing the individual values of the audio signal para- 
meters, each of said sub-display fields being cou- 
pled to said control pads and being responsive to 
said controller means. 

33, A programmer as claimed in claim 31, wherein 
each of said sub-display fields comprises a bar 
chart, and each bar chart having a plurality of 
segments with each segment being representa- 
tive of an incremental value of an audio signal 
parameter, and said bar charts being coupled to 
said control pads and being responsive to said 
controller means. 

34, A programmer as claimed in claim 31, wherein 
there are sub-display fields for six audio signal 
parameters, said sub-display fields being cou- 
pled to said control pads and being responsive to 
said controller means for displaying the values of 
said six audio signal parameters, said six audio 
signal parameters comprising power output, gain, 
low tone cut, high tone cut, compression thresh- 



16 



31 



EP0 537 026 A2 



32 



old and release time. 

35. A programmer as claimed in claim 34, wherein 
said right ear and left ear display fields each in- 
clude two additional sub-display fields, said two 5 
sub-display fields being coupled to said control 
pads and being responsive to said controller 
means for displaying the values of two auxiliary 
audio signal parameters. 

10 

36. A programmer as claimed in claim 28, wherein 
said plurality of display f iejdsjndudes a hearing 
aid fitting icon for indicatingj^l5icHof the patient's 
ears aref itted with said hearing aids, said hearing 

aid fitting icon being coupled to said control pads is 
and being responsive to said controller means. 

37. A programmer as cl aimed Jn^ciajni 35, wherein 
said hearing aid-fitting icon includes a right ear 
display segment coupled to said control pads, 20 
and a left ear display segment coupled to said 
control pads, said right ear and left ear display 
segments being responsive to said controller 
means, so that said right ear display segment can 

be activated when the hearing aid is fitted in the 25 
patient's right ear, and said left ear display seg- 
ment can be activated when the hearing aid is fit- 
ted in the patient's left ear. 

38. A programmer as claimed in claim 36, wherein 30 
said plurality of display fields includes a right ear 
programming icon for indicating when the hear- 
ing aid in the patient's right ear is being program- 
med, said right ear programming icon being cou- 
pled to said control pads and being responsive to 35 
said controller means, and a left ear program- 
ming icon for Indicating when the hearing aid in 

the patient's left ear is being programmed, said 
left ear programming icon being coupled to said 
control pads and being responsive to said control- 40 
ler means. 

39. A programmer as claimed in claim 28, wherein 
said plurality of display fields includes a right ear 
numeric readout for displaying the numeric value 45 
of a selected audio signal parameter associated 
with one of the hearing aids, said right ear numer- 
ic readout being coupled to said control pads and 
being responsive to said controller means, and a 

left ear numeric readout field for displaying the 50 
numeric value of a selected audio signal parame- 
ter associated with the other hearing aid, and 
said left ear numeric readout field being coupled 
to said control pads and being responsive to said 
controller means. 55 

40. A programmer as claimed in claim 28, wherein 
said plurality of display fields includes a right ear 



save icon for indicating when the values of the 
audio response parameters are being saved by 
the programmable controller in one of said hear- 
ing aids, said right ear save icon being coupled to 
said controller lines and being responsive to said 
controller means. 

41. A programmer as claimed in claim 28, wherein 
said plurality of display fields includes a left ear 
save icon for indicating when the values of the 
audio response parameters are being saved by 
the programmable controller in one of said hear- 
ing aids, said left ear save icon being coupled to 
said controller lines and being responsive to said 
controller means. 

42. A programmer as claimed in claim 28, wherein 
said controller means includes means for storing 
a first set of values for the audio signal parame- 
ters and a second set of values for the audio sig- 
nal parameters for each of said hearing aids, and 
wherein said plurality of display fields includes an 
AB icon for indicating which of said first and sec- 
ond sets is being displayed for each of said hear- 
ing aids, said AB icon being coupled to said con- 
trol pads and being responsive to said controller 
means. 

43. A programmer as claimed in claim 42, wherein 
said controller means includes sending means for 
selectively transmitting one of said first and sec- 
ond sets of values for the audio signal parameters 
to the associated hearing aid, said sending 
means being responsive to said controller means 
for selectively transmitting one of said first and 
second sets of values for the audio signal para- 
meters to the associated hearing aid in a mono- 
aural fitting, and in a binaural fitting, said sending 
means selectively transmitting one of said first 
and second sets of values for the audio signal 
parameters to each of the respective hearing 
aids. 

44. A programmer as claimed in claim 34, wherein 
said plurality of display fields includes a program 
icon for indicating the display of said auxiliary au- 
dio signal parameters, said program icon being 
coupled to said control pads and being respon- 
sive to said controller means. 

45. A programmer as claimed in claim 27, 29, 31, 32, 
38, 39 or 42, wherein said display means is a liq- 
uid crystal device. 
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